ABSTRACT
The authors propose that one of the causes of underperformance and low uptake in science and mathematics may be attributed to students' perceptions of the lack of relevance of mathematics and poor mathematical skills to support scientific learning. In particular, the authors of this study strongly feel that integrating the teaching, learning and assessment of science and mathematics at post-primary education can contribute to an enhanced learning experience for students and contribute to the development of conceptual understanding and accordingly improve engagement with the subjects in the long-term (Furner and Kumar, 2007; McBride and Silverman, 1991) . Therefore, the aim of the research project was to investigate the potential of the integration on science and mathematics utilising technology at post-primary education in the Irish context.
The primary rationale for this approach is to demonstrate the mutual relevance of subject areas, to develop connections and understanding, to aid the development of student criticality, and to engage teachers and students in both subject areas (Czerniak, 2007; Pang and Good, 2000) . Technology was chosen as the vehicle to facilitate the integration between both subjects as it allows for the transfer of learning between both science and mathematics classes, it can assist changes in pedagogies in the classroom to a more student-centred approach and support the development of understanding (Niess, 2005; BECTA, 2003) .
For the purpose of this research, the project involved a case study of three schools with science and mathematics teachers working in collaboration to implement a unit of learning on distance, speed and time, with a focus on technology to support integration of the subject areas. The subjects they can be very separate (Orton and Roper, 2000) . Integration of science and mathematics deals with bridging the gap between the subjects in a variety of ways such that the natural links are obvious, relevant and meaningful for teachers and also for students.
Integration of science and mathematics is said to have a number of benefits for students. It can help students to think critically, which can make the curriculum relevant to them, and can help them make connections between important concepts (Czerniak, 2007) . Rationales for integration have included that mathematics and science are similar attempts to discover patterns and relationships, that they are based on interdependent ways of knowing and that they share similar instructional processes such as inquiry and problem solving. When they are connected to real-life situations, students learn and appreciate how different subjects together can solve an authentic problem (Pang and Good, 2000) . Czerniak (2007) noted that a number of studies indicate that the integration supports student learning, understanding and motivation as well as helping to build their problem-solving skills. Venville et al. (2004) here reported that teachers observed several benefits of integration for their students, including increased motivation, engagement and application of mathematics and science concepts.
Given the move towards the increased use of online and st information technologies in all aspects of life in the 21 Century, education must also incorporate an increased use of technology within different subject areas. This is not just teaching about technology, but also with technology (Niess, 2005) . Technology can give teachers the tools that permit their students to perform complex tasks that are similar to those in the real world. For example, when they use technology to integrate data from science experiments and fieldwork into their mathematics class.
Additionally, the use of technology can cause change in teacher pedagogies, including the usage of a more student-centred approach, showing a greater willingness to experiment and raising the expectations of students (BECTA, 2003) . The use of technology can enhance the integration of science and mathematics for teachers and for students.
In a case study where science and mathematics teachers worked collaboratively to use hand-held technology, there were a number of positive outcomes. Mathematics teachers found that using data from science and other subjects helped them to enrich the mathematics curriculum. Both science and mathematics teachers found that, working collaboratively helped them to expand their knowledge of both their own and the other subjects. The cross-curricular nature of the collaboration helped to increase the discussions between departments, and helped to support teachers in their confidence in using technology in the classroom (Ransom, 2000 The wider community in which teachers operate, including the organizational culture, the attitude of school management, pressure to deliver a content laden curriculum, etc., will have an effect (Hennessy et al., 2005) .
Teaching and Learning Approach to Facilitate Integration
This section discusses some of the key concepts underpinning the design and implementation of the integrated unit of learning. Research has highlighted the importance of building the development of scientific concepts and skills on concrete experience (Rosenquist and McDermott, 1987) . The lessons were designed to engage the students in the active use of concepts in concrete situations. Everyday objects and experiences from their everyday lives were used in these lessons. The teaching and learning approach was designed to help the students and close the gaps in their knowledge through repeated exercises that were spread out over time and were integrated with the subject matter of both the science and mathematics syllabus. Arons (1990) states that for a learner to assimilate abstract concepts, they need to engage in the active use of the concepts in concrete situations and the concepts must be explicitly connected with immediate, visible, or kinaesthetic experience (Arons 1990 ). Arons (1990) also state that, the learner should be led to confront and resolve the contradictions that result from their alternative ideas or misunderstandings. There are several learning difficulties that are involved in the development of the concepts of distance, speed and time.
The mathematics lessons were designed to promote a teaching for understanding approach through the use of rich mathematical tasks which provide students with the opportunity of specializing and generalizing in the mathematics class (Mason, 1999) . Mathematical tasks that are referred to as 'rich' are those that are most likely to engage students positively and effectively with their mathematical learning. By employing rich mathematical tasks, it allows students to find something challenging and at an appropriate level to work on (Swan, 2005) . Within the mathematical element of this project, authors are also concerned with how students approach problem-solving. 
Science Lesson 1
The first double lesson attempted to engage the students in the ideas and concept of motion. The teacher facilitated a discussion on speed drawing on their experiences from everyday life. With the teachers as the facilitator, the students would generate ideas on how to measure speed and how it can be represented. With household materials, the students built their own balloon rocket cars. The purpose of the balloon rocket car was to help the students to take ownership in the design of their cars and it was used
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to aid in the development of the concepts of distance, speed and time over the 3 weeks. At the end of the first lesson, the student would have built and tested their balloon rocket cars and would have also generated ideas of how to measure speed using their cars and the technology. In the lesson, students learned the followings, · Identified the quantities needed to measure speed (distance/time).
· Described how to measure speed.
· Built and tested balloon rocket cars · Demonstrated the ability to measure the speed of the balloon rocket car.
Mathematics Lesson Plan 1
It was anticipated that students may have some experience of drawing and interpreting graphs from previous science lessons and from encountering them with everyday contexts such as opinion polls, weather reports, etc. However, the teachers involved in this research project felt that it was essential that the students' basic graphical skills were well developed to ensure that the implementation of the other mathematics and science lesson plans were successful. Therefore, the purpose of the first mathematics lesson plan was to provide students with the key skills required for drawing graphs. Student learning outcomes from this lesson included the following,
· Drawing axes and labelling them appropriately.
· Interpreting graphical information.
· Plotting coordinate points on a graph.
· Connecting coordinate points.
Science Lesson 2
The second science lesson began with a recap of how speed could be measured and on how speed could be represented. Using their hand made-cars, they were asked to predict, analyse and test their ideas about motion.
Through the aid of the motion probe and the 'TI-NspireTM', they tested their predictions and collected data on the handheld. Using the data generated, the students drew a distance-time graph in their lab copies. With the aid of several other distances-time graphs, the students were challenged to apply their experience with the balloon rocket cars and their new knowledge to the interpretation and explanation of new graphs. Thus, they learned to generate the relationship between distance, speed and time from their experience.
Mathematics Lesson Plan 2
The purpose of the second mathematics lesson plan was to develop further students' understanding of graphical concepts in relation to the travel graphs. Key student learning outcomes from the lesson included the following, · Stating the scale/units being used.
· Developing an understanding of speed -straight lines correspond to motion with a constant speed; the slope of the line indicates the value of the speed.
· The steeper the slope, the faster the speed; a horizontal line shows the object at rest -indicates no movement at all (slope = 0 = speed).
· Lines with a positive slope indicate movement away from the starting point.
· Lines with a negative slope indicate movement back towards the starting point.
Mathematics Lesson Plan 2 also incorporated the use of data generated from the previous science lesson to draw distance-time graphs, while also encouraging discussion and explanation of variations in their findings in relation to the key concepts developed.
Science Lesson 3
The final double science lesson involved the students to actively act out their motion using the TI-NspireTM and the motion probe. In the previous mathematics lesson, students examined questions in relation to the direction of the motion and the slope. The active experience of acting out this motion helped the students to connect the graph would generate the average speed formula through the completion of mathematical rich tasks concerned with speed, distance and time. These tasks incorporated reallife applications, which make the material relevant for student learning.
Mathematics Lesson Plan 4
The last mathematics lesson plan was concerned with students' further understanding of the concept of average 
Observation of Lessons
All lessons, in each of the three schools, were observed by an independent NCE-MSTL staff member. All observers were provided with specific templates for evaluating each of the lessons which included key questions in relation to learning outcomes, implementation of the lesson, technology, integration of subjects, the teacher's role, and students' concept skills development.
Focus Group Interview
All teachers participated in a semi-structured focus group Lesson 2).
Output of some minor input into the unit of learning from the participating teachers, the ideas of thought processes behind the integration was done by the authors. Thus, this led to the teachers to implement the unit of learning as distinct separate lessons and not looking at it as a whole. It became obvious that the teachers' lacked confidence in their ability to adapt and utilise the technology and lessons in the appropriate manner for their classroom context and felt compelled to implement it as it was presented on paper. Accordingly, the lack of adapting the lessons to suit the individual contexts was an issue and hindered integration and added to the complexity of utilising the technology. Similarly, the teachers felt that there was too much time between the specific lesson plans (a week on average) and they felt that it would be better if they were closer so as to facilitate reinforcement of previous learning.
From the mathematics and science teachers' reflective teaching, it is evident that the teachers thought the tasks · Re-examine the design of the integrated unit of learning; more flexibility and adaptability are needed.
From the study, it is evident that, further research in this area is warranted. In particular, insights generated in relation to student engagement and participation through the integration of subject areas utilising technology demonstrates the value associated with such an approach for student learning and the teachers' professional development.
